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Introduction
Patterns of animal distribution depend on several factors, including abiotic factors such as geological history, climate or environmental conditions, and biotic factors such as food resources or competition. These factors vary at the spatial scale (i.e. local, regional or global) and depend on the taxonomic level at which the organisms are considered (Cox & Moore, 2000) . As one of the most diverse taxa in terrestrial ecosystems, insects have provided a large body of knowledge on the interactions between species and their environment. In this group, biogeographic patterns of distribution have been studied with data from entomological collections (Fountain et al., 2016) , along with data from specimens directly observed in the field. Observational data often come from volunteers, especially in North America and in Europe where an emerging citizen science is becoming increasingly popular. This type of data collection is becoming an effective way to monitor spatiotemporal changes in species distributions in large geographical areas (Donnelly et al., 2014) and is particularly relevant in the face of current global changes, which can, for example, generate spatial and temporal mismatches in species interactions (Schweiger et al., 2008) .
As an iconic group, the global diversity of damselflies and dragonflies is well known (Balian et al., 2008) . Hence, published knowledge and the volunteer effort allows in some cases to use species distributions to explore their macrogeographic patterns of distribution. In dragonflies and damselflies, publications such as the recent study by Dijkstra et al. (2013) compile extensive data that provide an overview of species richness at the global level. Local studies that are limited to smaller territories, or revisions of particular taxonomic groups, however, are those that often provide new species to science (Zhang & Cai, 2013 , 2014 Chen & Yeh, 2014; Von Ellenrieder, 2014) . In addition to the individuals observed and/or sampled in situ, those deposited in museums can also help to confirm the existence of species in a specific area. These collections can also help to clarify phylogenetic questions, or determine correct synonyms. This has proven useful not only in Odonata (Bailowitz et al., 2013; , but also in other animal taxa (Fountain et al., 2016) .
Based on their distribution, different biogeographic systems have been used to classify the species of Odonata in the Iberian Peninsula. The system by St. Quentin (1960) established two biogeographic categories: a Mediterranean component or refuge fauna and a Eurosiberian component or invasion fauna. This system has been criticized because not all species were correctly classified, and others were not included. For this reason, Ocharan (1988) created a new classification system, which established seven biogeographic categories for the entire odonatofauna of the Iberian Peninsula. The biogeographic analyses used in subsequent works, such as those of Ferreras-Romero (1989) and Martín Casacuberta (2004) , were based on the reference system of Ocharan (1988) and the system of St. Quentin (1960) (this latter system had been used with additions to improve it). However, for some species, the biogeographic classification proposed by Ocharan (1988) was later affected by the information provided by Davies & Tobin (1984 , Tsuda (1991) , Dumont (2003) , Askew (2004) or Dijkstra & Lewington (2006) . In addition, some studies included new species that were not found in the work of Ocharan (1988) . All these changes were ultimately compiled in the work of Torralba Burrial & Ocharan (2007b) , a study that provides information on the biogeography of the species found in different Spanish regions, with special emphasis on Aragon. In the present study we update the odonatofauna in the País Valencià (the Valencian Country), a Spanish territory located in the Eastern Iberian Peninsula. We also analyse the biogeography of the different species found, and we perform a comparison with Catalonia and Aragon, two adjoining regions in Spain. We selected these two regions because there are sufficient faunal data to allow such comparison. Since the study of Torralba Burrial & Ocharan (2007b) , there have been new findings throughout the Iberian Peninsula, and we include these here to provide novel insights into the biogeography of these species.
Material and methods

Odonatofauna of the Valencian Country
The study of dragonflies in the Valencian Country (which includes the provinces of València, Castelló and Alacant in eastern Spain) has been enriched by the above-mentioned studies and by more territory-specific studies, including those by Andréu (1911 ), Boscá Seytre (1916 , Navás (1922 ), Pardo (1942 ), Docavo Alberti (1983 ), Docavo Alberti et al. (1987 ), Navarro Matheu et al. (1988 , Bonet Betoret (1990) and Julián i Natividad & Barrachina i de Gracia (1995) . A provisional catalogue of the Valencian dragonflies was elaborated by Domingo Calabuig (2002) , and in a subsequent work all knowledge on the Valencian Odonata was carefully collected in the catalogue by Baixeras et al. (2006) .
Since these studies, however, there have been new Odonata records. Hence, to update the Valencian odonatofauna, we have compiled information from: (1) the catalogue 'Les libèl·lules de la Comunitat Valenciana' (Baixeras et al., 2006) ; (2) the on-line resource da-tabase 'Banco de Datos de Biodiversidad de la Comunidad Valenciana' (BDBCV), which is available at http://bdb.cma.gva.es/ (in collaboration with the group of volunteers 'Voluntariat Parotets', Grup d´Estudi d´Odonats de la Comunitat Valenciana); (3) revisions of museum collections (Fontana Bria, 2011; ; and (4) recent publications.
The catalogue by Baixeras et al. (2006) had 58 species, but new species of dragonflies have been added, including: Aeshna juncea (Prieto-Lillo et al., 2009) , Lestes sponsa, Sympetrum sanguineum and Sympetrum flaveolum (Prieto-Lillo et al., 2012a) , Onychogomphus costae , Trithemis kirbyi (Prieto-Lillo et al., 2012b) and Brachytron pratense (Voluntariat Parotets, 2013; Tirado Bernat, 2014) . Moreover, the distribution of some species has been expanded as they have been found in new locations within the same province, or in new provinces within the Valencian territory. These new records include: (1) Zygonyx torridus by Soler & Arlés (2007) Martín & Maynou (2015) , the catalogue 'Les libèl·lules de Catalunya' (Martín et al., 2016) and on the information found in the web catalogue developed by the 'Grup d'estudi dels odonats de Catalunya (Oxygastra)': http://www.oxygastra.org/arxius/recursos/cataleg_odonats_catalunya/cataleg.htm. Similarly, the list of Aragonese dragonflies is based on the work by Torralba Burrial & Ocharan (2005a , 2005b , 2005c , Kéry & Muñoz López (2006) , Ocharan et al. (2007) , Torralba Burrial & Ocharan (2007a , 2007b , Alonso Naveiro & Torralba Burrial (2008) , Torralba Burrial & Alonso Naveiro (2008a , 2008b , Torralba Burrial & Ocharan (2008a , 2008b , 2008c , Torralba Burrial (2009a) , Martín (2011 ), Murria & Jarne (2012 , Prieto-Lillo & Jacobo-Ramos (2012), Luque Pino et al. (2013) , Torralba-Burrial (2013) , and Curk et al. (2014) .
Odonatofauna of the Iberian Peninsula
The study of the Odonata of the Iberian Peninsula was greatly developed in the twentieth century, with a series of pioneer works including those by Navás (1906 , 1907 , 1924 ), Benítez Morera (1950 and Compte Sart (1965) . During the 1980s, the work by Ocharan Larrondo (1987) became a reference for Odonata research in the Iberian Peninsula and it triggered a series of studies on the diversity, ecology and distribution of this group. More recently, the work by Torralba Burrial & Ocharan (2007b) included a total of 76 species, corresponding to 77 taxa if all subspecies are considered. This number has increased in recent years based on different works. Torralba-Burrial (2009b) includes the discovery of Cordulia aenea by and Trithemis kirbyi by Chelmick & Pickess (2008) . These additions expanded the total number of species to 78. With the first data of Orthetrum albistylum by Mezquita Aranburu et al. (2011) , the total number of Iberian dragonfly species has risen to 79 (París et al., 2014; Prunier et al., 2015) . In addition, the discovery of the subspecies Onychogomphus forcipatus forcipatus (Mezquita-Aranburu & Torralba-Burrial, 2015) increased the number of Iberian taxa to 80.
Biogeographic classification of dragonflies
Based on the list of species in these four areas, we assigned the different species to a particular biogeographic category according to Ocharan (1988) and Torralba Burrial & Ocharan (2007b) . This biogeographic classification system is organized into categories based on their current area of distribution. In polytypic species, we assigned the element (or biogeographical character) based on the subspecies present in each area. Boudot & Kalkman (2015) . Based on this latter work, we also removed Calopteryx haemorrhoidalis asturica from the Iberian list, and considered it as C. haemorrhoidalis because comparative molecular and morphological studies consider the subspecies as invalid.
We identified the biogeographic element of most species based on Torralba Burrial & Ocharan (2007b) . However, we changed the biogeographical assignment of the following 11 taxa using taxonomic information and new details on distribution ranges compiled in the recent book by Boudot & Kalkman (2015) :
Coenagrion caerulescens caerulescens and Coenagrion mercuriale mercuriale were both considered as Iberian-Maghrebi elements, but currently the subspecies are considered invalid. Based on the distribution area of Coenagrion caerulescens and Coenagrion mercuriale, these two species were considered as Occidental (or Western)-Mediterranean elements. Enallagma cyathigerum records from North-America were found to be incorrect because they belong to E. annexum. Therefore, the distribution of this species is not Holarctic, and we considered it a Eurosiberian element.
In other species, we did not use the biogeographic categories suggested by Torralba Burrial & Ocharan (2007b) either. These authors assigned in some cases the biogeographic identity based on species current distribution and their possible secondary origin. This implies that species with similar current distributions may belong to different categories. In our study we classified the species exclusively based on their current distribution. Hence Chalcolestes viridis and Pyrrhosoma nymphula are considered as Holo-Mediterranean elements instead of Occidental (or Western)-Mediterranean elements; Brachytron pratense, Orthetrum brunneum, Orthetrum cancellatum, Orthetrum coerulescens and Sympetrum sanguineum are considered as Oriental (or Eastern)-Pontic elements instead of Holo-Mediterranean elements; Sympetrum fonscolombii is considered as an Ethiopian element instead of an Holo-Mediterranean element.
We incorporated Cordulia aenea, Trithemis kirbyi, Orthetrum albistylum and Onychogomphus forcipatus forcipatus into the list of Iberian dragonflies as Eurosiberian, Ethiopian, Eurosiberian and Oriental (or Eastern)-Pontic elements, respectively. These species were not found in the study of Torralba Burrial & Ocharan (2007b) and we associated them to a particular biogeographic character following the classification criteria used in this work. We also used information found in Askew (2004) , Dijkstra & Lewington (2006) , Boudot et al. (2009 ), Escolà et al. (2011 ), Boudot & Kalkman (2015 , and the following on-line resources: http://www. africa-dragonfly.net/, http://www.asia-dragonfly.net/ and http://www.iucnredlist.org/.
One important consideration is that Cordulia aenea was included in the Iberian list because we considered the Iberian Peninsula in a broad sense (as the area of continental Europe occupied by Spain, Portugal and Andorra) (Torralba-Burrial, 2009b) , and adding two areas which do not belong to the Iberian Peninsula in a strict sense: la Vall d'Aran and a zone of Pallars Sobirà (Martín et al., 2016) .
Statistical analyses
We performed all analyses in R (R 3.0.2 http://www.r-project.org/). To test whether the presence of the different species and biogeographic elements varies among the three territories studied, we built a generalised linear model with a binomial error distribution. We included as a response variable the presence or absence of each species in each of the three territories studied. We included as explanatory variables the territory and the biogeographical element of each taxon. In this model we also included the interaction term between these two explanatory variables. A significant interaction would indicate that the presence of the different biogeographic elements varied among territories. To assess which biogeographic elements were more variable among regions, we built an independent binomial model for each biogeographic category. In these models we only included the territory as an explanatory variable. Since in these latter analyses we performed multiple comparisons, we corrected the significance level using the Bonferroni correction. Binomial regression models are usually overdispersed and we accounted for this with the quasi family in R.
Results
The compilation that we present here contains a total of 79 Iberian species ( Comparing the Valencian Country, Catalonia, Aragon and the Iberian Peninsula, we found that they share the same Iberian-Maghrebi elements (14 species), Holo-Mediterranean elements (8 species), Occidental (or Western)-Mediterranean elements (8 species) and Holarctic elements (3 species). Regarding the other biogeographic elements, the four regions have in common some Oriental (or Eastern)-Pontic (14 species), Eurosiberian (6 species) and Ethiopian elements (6 species). These results emphasize the small amount of Eurosiberian elements and the large amount of Ethiopian elements in the Valencian Country as compared to Catalonia and Aragon. The Valencian Country has 11 of the 12 Ethiopian species found in the whole Iberian Peninsula.
In the Iberian Peninsula, most categories have between eight and 15 elements. The least abundant category corresponds to Holarctic elements, with three elements, whereas the most abundant corresponds to Oriental (or Eastern)-Pontic elements, with 20 elements (fig. 1 ).
The presence of the different species varied among the Valencian Country, Catalonia and Aragon (x 2 = 7.43, d.f. = 2, P = 0.024), and the presence also varied depending on whether these species belonged to the different biogeographic elements (x 2 = 88.20, d.f. = 6, P < 0.0001). As revealed by a significant region per biogeographic element interaction, the different elements were found at different proportions in the three different regions (x 2 = 41.61, d.f. = 12, P < 0.0001). To further understand this interaction, we compared the number of species belonging to each biogeographical category among these three regions. For most of the categories, the proportion of species in each area was not significantly different (P > 0.0071, after Bonferroni correction). For Eurosiberian elements, however, Catalonia had a significantly larger number of species (x 2 = 21.20, d.f. = 2, P < 0.0001). Relative to the other two regions, the Valencian Country had a larger number of Ethiopian elements (x 2 = 12.40, d.f. = 2, P = 0.0020) ( fig. 2 ). Of the 65 species that configure this list, important considerations should be noted on Macromia splendens and Lindenia tetraphylla. These species represent situations where taxonomic issues and potential species extinctions need to be considered when performing biogeographic studies based on species citations that come from multiple sources. (Significant values after Bonferroni correction: *** P < 0.00014; ** P < 0.0014; * P < 0.0071; n.s. Not significant).
Fig. 2. Nombre de taxons pertanyents als diferents elements biogeogràfics classificats a les tres àrees comparades: País Valencià, Catalunya i Aragó. En cada categoria biogeogràfica, el nombre d'espècies que es troben en cada àrea d'estudi és comparat mitjançant un model lineal generalitzat assumint una distribució d'error binomial: ES. Elements eurosiberians; ET. Elements etiòpics; IM. Elements iberomagribins; HM. Elements holomediterranis; HO. Elements holàrtics; MO. Elements del Mediterrani occidental; PO. Elements ponticoorientals. (Valors significatius després de la correcció
de Bonferroni: *** P < 0,00014; ** P < 0,0014; * P < 0, 0071; n.s. No significatiu) .
Macromia splendens
Although this species has not been found in the Valencian Country since 1923, we have kept it in the Valencian odonatologic catalogue for the following reasons. Although its exact location is not certain, this species was found in Sogorb (Valencian Country) or in Camarena de la Sierra (Aragon) (Navàs, 1923) . This work is not new, but more recent citations show that this species has been increasingly found in Spain as shown by Márquez Rodríguez & Ferreras-Romero (2008) or Campos et al. (2012) . Despite being rare and very localised, this species is likely to inhabit other parts of Spain, particularly in zones where the altitude doesn't exceed the 500-600 m, and in sites where the species can find suitable rivers (Azpilicueta Amorín et al., 2008) . Its location in the Valencian Country is also possible, first because this species has been found in nearby territories such as Aragon (Prieto-Lillo & Jacobo-Ramos, 2012) and Catalonia (Martín et al., 2016) . Second, because it has similar ecological requirements to Gomphus graslinii, a species that is currently present in the Valencian territory (Baixeras et al., 2006) . Godella and Godelleta by Compte Sart (1965) : "In Spain it has only been found five times, exclusively in the province of València (near the capital, in Godella and Godelleta)".
Since then, there have been no further citations. Bonet Betoret (1990) collects some of the records mentioned and adds a personal communication by Peris, who found the species in the city of València in 1937. However, both Bonet Betoret (1990) and Baixeras et al. (2006) mention that they have not found the species. Currently, in the Iberian Peninsula only two individuals of this species are available in museum collections. The first individual, a male, is found in the Torres Sala Entomological Collection of the City Hall of València and the second, a female, is found in the National Museum of Natural Sciences of Madrid (this specimen was incorrectly classified as a male by París et al. (2014)). Although the male has no label ( fig. 3) , the female is probably the specimen cited by Navás in 1906 and captured in València. The fig. 4) . These data reveal that this species was found in València and highlight the importance of preserving historical collections in museums. As argued by Martín (2011) with regards to dragonflies, and as found in other insect groups (e.g., Fountain et al., 2016) , museum collections can provide essential information. In the case of L. tetraphylla, its presence in a museum collection confirms its past existence in the Iberian Peninsula, which represents one of its westernmost areas of distribution. This situation contrasts with Ophiogomphus cecilia, a species that has been cited in the past in the Iberian Peninsula, but whose references have been considered as invalid. Among other reasons, O. cecilia citations have been considered as invalid because Spanish larvae have not been preserved, and hence their identity can not be corroborated (Torralba-Burrial et al., 2012) . Bria, 2011). (Fotografies: A, B, i D, Mercedes París; C, Manuel Sánchez Ruiz) .
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As already mentioned, the specimen of L. tetraphylla found in the Torres Sala Entomological Collection of the València City Hall has no label, which casts doubts on its origin, and whether this specimen was in fact collected in València. As reported by Baixeras et al. (2006) , this specimen was likely collected 20 to 30 years ago, as explained by Ocharan et al. (2008 ) who states 'Captured between 1975 , this specimen is probably from a teaching collection, which may help to confirm its age, as the earliest collections of this kind at the University of València are from around 1980. Despite this, there is no certainty that the specimen is from València as it lacks any label, and thus other scenarios can be considered. Therefore, we propose alternative hypotheses, for example, this specimen might be that of leg. Cervera in the publication of Navás (1924) , or that of the personal communication by Peris in 1937. In any case, the presence of this species in the past in the Valencian Country would be confirmed by the specimen found in the National Museum of Natural Sciences of Madrid. Hence, we believe L. tetraphylla should be kept in the list of Iberian and Valencian dragonflies. Future prospections, especially in suitable habitats, are needed to confirm the presence of this species in the Valencian Country. As indicated by Ocharan et al. (2012) , it is important to locate any potential population of this species. If the species is not detected in the next few years, it should then be removed from the list, and considered extinct, as already suggested by Schorr et al. (1998) .
As explained in the IUCN Red List, http://www.iucnredlist.org/details/165460/0 or in Boudot et al. (2013) , L. tetraphylla adults can migrate long distances from their reproductive area. As reported in this work, many records of L. tetraphylla can thus be attributed to vagrant imagoes, although in some isolated locations the species has been found over several consecutive years, far from the central range of its distribution. Consistent with this idea, Bonet Betoret (1990) states that the individuals cited in the Valencian Country might be from populations that settled for several decades, but which eventually became extinct, possibly due to competition with native species. Baixeras et al. (2006) also mentions the possibility that the presence of the species may be occasional due to its migratory habits.
In conclusion, future research may determine the actual status of this species in the Valencian Country and in the Iberian Peninsula. According to the IUCN category, this species is considered critically endangered (CR) in Spain (Ocharan et al., 2006 (Ocharan et al., , 2008 . Potentially, the species can be found again in the Iberian Peninsula as occurred in Algeria, where the species was recorded in the 19 th century, but was then considered extinct as it was not found in this region for more than a century and a half. A collected exuvia at Wadi Saoura in 2013, however, represented the first evidence of a breeding site for L. tetraphylla in Algeria, and the third record in North Africa (Hamzaoui et al., 2015) .
Volunteer work
The information used in this study included data from the records of BDBCV. Information in such databases has proven to be very useful, although some limitations need to be identified so that future efforts are even more relevant. For example, information in this database is limited to the name of the observer, year, UTM coordinates, municipality and province. Adding details on the sex of the individual, dates of observation, number of individuals observed, and potentially a picture of the individual would help future studies on the phenology, biometrics and conservation status of the species. Although volunteer work is essential to maintain such information platforms, it is also fundamental that citations are checked by expert odonatologists. This implies that the species list can be updated and improved constantly. In addition, every time the information changes, a record and a justification of the changes would help to justify substitutions, deletions and additions. This would prevent cases like the aforementioned case of Coenagrion pulchellum, a species that was eliminated from the database probably because its identification was incorrect. As explained in Martín (2011) , this species can easily be confused with Coenagrion puella as the two species are morphologically similar, have similar ecological requirements and their distribution areas partially overlap. With such a record of changes, BDBCV would exploit its full potential and its information could be used for scientific and conservation purposes.
Territorial differences in the composition of biogeographic elements
The Maghreb played an important role in the diversification process of thermophilic species during the Pleistocene as it was a glacial refuge. As such, it was a key source during the post-glacial colonization of Europe. Such colonisation was possible through adjacent regions of the Gibraltar and Sicily straits, which acted as biogeographic connections between North Africa and Europe (Husemann et al., 2014) . Other glacial refuges that are important to understand the biogeography of the Iberian Peninsula are those found in areas in Asia (Sanmartín et al., 2001) , in extra-Mediterranean refugia in geographically limited areas of southern Central and Eastern Europe (which were climatically favourable), and in other northern refugia (in the Carpathians or even in the north of the Alps) (Schmitt & Varga, 2012) . This historical context could explain the differences in species composition that we found among the different regions studied. Future studies, particularly using molecular techniques, are therefore needed to further unveil whether these differences are caused by historic patterns of dispersion, or by climatic similarities.
The closest location of the Valencian Country to Africa and their more similar climate likely explains why this region is enriched with Ethiopian elements. This is exemplified with the species Diplacodes lefebvrii and Brachythemis impartita which are found in the Valencian Country but not in Catalonia or Aragon. This situation is likely to become more common in the future because there has been a northward expansion of several dragonfly species during the last decades. Several Mediterranean species have expanded to Central and Northern Europe, and some African species have expanded to southern Europe (Ott, 2010) . Examples of this latter situation may include Diplacodes lefebvrii and Brachythemis impartita which have been detected in Italy (Rattu et al., 2014) . Detection of these species in the Valencian territory is likely to represent a 'parallel expansion' of these species in areas with similar climate and latitude: the Valencian Country (Spain) and Sardinia (Italy). Other examples of Ethiopian elements which have expanded their distributions in recent years are Crocothemis erythraea (in central European countries) (Ott, 2010) , Trithemis annulata and Trithemis kirbyi (in the Iberian Peninsula) (Torralba-Burrial, 2009b; Martín et al., 2016) .
There is now unequivocal evidence that global warming is affecting most ecosystems on Earth. It has been confirmed that this allows dragonflies to colonise new habitats (Termaat et al., 2010) . In a globally warmer climate, the biogeography of Odonata species will certainly change. It is possible that tropical species and those adapted to warmer conditions will extend their distribution areas to higher latitudes (Sánchez-Herrera & Ware, 2012) . Furthermore, thermophilic species with a southern distribution are expected to successfully colonise northern habitats especially because some of them have high dispersal abilities (Rosset & Oertli, 2011) . Although less marked in coastal zones and islands, a general rise in temperature and a reduction in rainfall level is predicted for the next 100 years in Spain (de Castro et al., 2005) . This climate scenario will be ideal for the arrival of new Ethiopian elements. Recently, 60 new species of Odonata have been described from Africa (Dijkstra et al., 2015) , which are potential species that can someday disperse and colonize Europe. In this context, southern areas like the Iberian Peninsula (and the Valencian Country in particular) might represent important stepping stones towards Europe, mainly because of their proximity, and climatic similarities.
In this article we provide information that updates and expands the knowledge of the Valencian dragonflies. We provide an updated list of species and their classification at the biogeographic level. Our study shows that the Odonatofauna in the Iberian Peninsula is not static, and that its composition can change over time. Future studies are needed to understand this, particularly in the context of climate change. In some situations global changes may contribute to dragonfly population recovery in areas where they declined (Termaat et al., 2015) . Some species can even be found in areas where they were considered extinct, as found with L. tetraphylla in North Africa (Hamzaoui et al., 2015) . Under a global change scenario, however, many species will also be lost (Sánchez-Herrera & Ware, 2012) . For instance, if new species invade from the south endemic species can be lost. To understand these processes, dispersal traits and competitive abilities need to be better understood. To predict these changes, and to take potential conservation actions, it is thus necessary to carry out studies that will allow us to evaluate past, present and future changes in Odonata diversity and distribution. These studies will also allow further developments in the biogeographic analyses of this iconic group of insects and help to improve the biogeographic classification systems or create new of them.
